Evening chronotypes not only differ from morning-types in their sleep and circadian timing, but they are prone to problematic outcomes involving reward function, including affective disturbance, sensation seeking, and substance involvement. We explored the neural mechanisms underlying these chronotype differences by comparing the neural response to reward in morning-and evening-types. Using a monetary reward fMRI paradigm, we compared the neural response to reward in 13 morning-types and 21 evening-types (all 20 y/o males). Region-of-interest (ROI) analyses focused on the medial prefrontal cortex (mPFC) and ventral striatum (VS), comparing the chronotype groups in these ROIs during anticipation and outcome conditions, and adjusting for time of scan. Chronotype groups were also compared on measures of sensation-seeking, substance involvement, and sleep quality. Evening-types reported significantly greater levels of alcohol dependence and worse sleep quality. Furthermore, evening-types showed an altered neural response to reward relative to morning-types, specifically, reduced mPFC reactivity during reward anticipation and increased VS reactivity during win outcome. In turn, less activation in the mPFC region in response to reward was associated with greater alcohol consumption, while increased activation in the VS in response to reward was associated with more symptoms of alcohol dependence. Increased reward-related problems among evening-types may be accompanied by altered neural responses to reward.
Introduction
Individual differences in chronotype, the preferred timing of sleep and activity, appear to moderate the risk for affective and behavioral dysregulation. Evening chronotypes, who prefer later sleep/wake schedules, consistently demonstrate higher levels of affective disturbance, sensation seeking, and substance use (e.g., Gau et al., 2007; Hasler et al., 2010; Tonetti et al., 2010; Negriff et al., 2011) , all problematic outcomes plausibly related to reward function. The associations between eveningness and indicators of dysregulated reward function hold cross-culturally, across adolescent and adult samples, and after accounting for numerous potential confounds including age, sex, and educational level. The developmental shift towards greater eveningness during adolescence and early adulthood (Roenneberg et al., 2004; Crowley et al., 2007) parallels marked changes in reward-seeking behavior and associated neural circuits (Ernst and Fudge, 2009) , suggesting that chronotype may be a particularly salient risk factor for reward-related impairments in these age groups. Further understanding of the neurobehavorial mechanisms linking eveningness to dysregulated reward function during late adolescence and early adulthood could inform the development of novel prevention and intervention approaches to affective and substance use disorders.
Although persuasive in the consistency of findings, the extant literature is almost entirely dependent on self-report measures related to reward function; few published studies have used objective measures such as neuroimaging. Several neuroimaging studies have demonstrated the effect of chronotype in other domains, including time-of-day variations in the activity of the motor cortex (Tamm et al., 2009; Peres et al., 2011) , in hypothalamic and brainstem activation related to maintaining attention (Schmidt et al., 2009) , and in brain reactivity to cognitive interference (Schmidt et al., 2012) . Most germane to the current project, a recent study compared morning-and evening-type adults with primary insomnia using [18F]fluorodeoxyglucose-positron emission tomography (FDG-PET) during morning and evening wakefulness (Hasler et al., 2012b) . The study focused on the medial prefrontal cortex (mPFC) and striatum, key elements of the reward circuit, in which the mPFC provides topdown modulation of the striatum (Ernst and Fudge, 2009). The evening-types displayed lower relative regional glucose metabolism in the mPFC and striatum during both morning and evening wakefulness. Furthermore, the evening-types displayed divergent diurnal patterns of brain activity within the mPFC and striatum that 
